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Figure S6 Digital photograph of the visible light communication (VLC) system
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1. Calculation method

Calculations of the depletion layer thickness (/) and the hole drift time (t,)

in depletion layer.

The depletion layer thickness () can be calculated by:

2eVy,
aN,

W = (M

¢, is dielectric constant of silicon (11.9M), V;is the build-in potential (~670 mV),

S

g is the unit electron charge and Np is the doping concentration (2 X10'> cm™). The

depletion layer thickness was calculated as 223 nm.

The hole drift velocity is defined by:
V, = u,E 2)
The 4, is the hole mobility in silicon (450 cm?V''s! in silicon with doping

concentration of 2 X10'° cm™) and E is built-in electric field and can be calculated by:

Vo

W 3)

According equation (1) (2) (3), the hole drift velocity (V) was calculated to be
1.5x10°m s,

Therefore, the hole drift time (t,) was calculated by:
T, =— (4)
And the hole drifting time (1) was estimated to be 2.23 ps.
Estimation of rise time (7,)

The diffusion length (L) of minority carrier and minority carrier lifetime (7) is

associated with the following formula:

L=(D-7)"* (5)



D is diffusion coefficient, and it is defined by:

KT
D=ty -~ ©)

The u, is the hole mobility in silicon. k is Boltzmann constant. T is Kelvin

temperature (300 K at room temperature). g is the unit electron charge.

According to (5) and (6), the minority carrier diffusion velocity (V) is calculated by

V =

%:ﬁ &

T

The lifetime (7 ) can be found in the related article 2. The lifetime in n-type silicon

(doping concentration of 2 X10'* cm™) is about 20 ps.
Therefore, the rise time 7, was calculated by the equation:
T = 8)

| is the thickness of silicon wafer (450 um). According to above formula, the rise

time was estimated to be 73 ps.

2. Table S1

The overall photodetecting performance of three devices.

Heterojunction R Tr Td f3aB D* SNR
structure (mA/W) (us)  (us) (Hz) (jones)

Planar 54 54 130 2.1x103 4.99x10' 2.5x10*

Pyramid 79 1.89 58 1.0x10* 7.3 x10'2 8.5x10*

NPPAs 138 0.87 23 5.0x10* 1.27x10" 1.51x10°




3. Figures

Figure S1
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Figure S1. (a). XPS spectrum of as-deposited MoQOs. thin films. (b). Schematic diagram of

the M0Os./ n-Si heterojunction photodetector with pyramid structure.
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Figure S2. External quantum efficiency (EQE) of three devices ranges.



Figure S3
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Figure S3. The detectivity (D") and responsivity (R) of NPPAs device under different power
density of 650 nm laser.

Figure S4
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Figure S4. The setups for temperature cycling measurements.
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Figure S5. (a). The background noise signal at 78 K. (b, ¢). The photoresponse time of planar
device and pyramid device under various temperature (650 nm, 118 mW/cm?, 100 Hz). (d).
The photoresponse curves of NPPAs photodetector before and after temperature cycling.

Figure S6

Figure S6. Digital photograph of the visible light communication (VLC) system with our

MoO:s./Si heterojunction photodetector as light signal receiver. The red arrows indicate the
data flow direction.
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